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ABSTRACT 

Synchrotron radiation soarces are now available throughout the world. In 
this paper, the use of hard x-ray radiation from these sources for materials 
science is described with emphasis on diffraction imaging for material 
characterization. With the availability of synchrotron radiation, real-time 
-- in situ measurements of dynamic microstructural phenomena have been started. 
This is a new area where tne traditional applications of x-rays have been 
profoundly superseded. Exmples are chosen from limited areas and are by no 
I I ~ S Z ~ S  exhausrive. Tne n e v  emerging information will, no doubt, have greaz 
impacz on mazfrlals science and engineering. 

Important new materials in industry are now being produced by far more 
sophiszicated pr0tessir.g methods than previously utilized. These materials 
must be made with conzrol of their buildup designed at the atomic level. 
Success with such mazerials requires the knowledge of new ways to arrange 
the atoms in order to achieve the desired results. But such knowledge, 
while important and necessary, is insufficient by itself. 
all materials when formed is non uniform locally of:en over regions of the 
order of a micrometer. Heterogeneity occurring as grain boundaries, phase 
interfaces, interacting dislocations, local compositional variations, 
regionally homogeneous strains (plastic deformation), and inhomogeneous 
strains, etc., often dominates the behavior of materials in sophisticated 
and/or demanding applications and severely weakens their performance. 
Therefore, as important as, or possibly even more important than, novel 
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materials design wi:? be information on, and control of, these local 
variations in actual materiais produced by atomiskic design-hat Turnbull 
has termed "ultramo1ecu;ar engineering" 1. 

In fields o:her than electronics, the word "atomistic design" may sound 
exrrerne at the presez: szage  of maZufacZuring technology. 
\.irtually ali r r a r e r l a : ~  now technologically are cor.figuration&i:y 
frozen from states c h a t  of:en were mecastable, or even uns~able before 
freezing. 
dispersions or' i m p - r l t l e s  and top3log;ca:ly metastable stxcrures. 
Sophisticated metascable s>-n:hesis has become quite comnon in industry due 
to newly developed techniques such as laser pulsing, ion implantation and 
rapid-cooling. 
arrangement of metastable stares at will, current types of metastable 
synthesis certainly a r e  the first steps toward atomistic design for 
industrial macerials. Inforrration on morphological grain and phase 
boundaries, strains be:-deen ar.d within grains, and interacting dislocations 
must be obtained for mazerials performance as designed. 

HoweLver, 

Moreover, same materials display non-equilibrium atomic level 

Although one cannot, at present, design and control the 

He:ercStnelty c a  OCCK a: very different levels vhen a;iplied to 
different macerials. In some ins:azces it is the presence (concentration! 
Of impurities that concrols the quality of the product and its performance. 
For other materials, it is the spatial distribution of a particular phase or 
constituent that coz:rcls the properties of interest. 
it is the presence of ircFerfecti0n.s such as grain boundaries, subgrain 
boundaries, precursor cleavages, interacting dislocations, growth 
striations, and dendricic grok;:h features. In any case, techniques that can 
establish an image of nicrcstructure by some contrast mechanisms are 
essential 2 .  

For most materials, 

S mchr o t r on Rad i a f I a?. 

In the pas: several y e a r s ,  an increasing number of synchro:ron 
radiation bean linss have becane available as new x-ray sources at storage 
rlngs 2-6 s~? . ck roz rozs  a r o u r L  fne werid. 

o?Zlcal arrangmeT.zs ';la-..? .>EST! made. 

These new x-ray soilrces are qilice 
;deal i-3 ob--'- -6- . .  SL:?. LKZEES of the microstructure, once a;?rc;ria:e X-ray 

Synchrccron raciaclon I s  typically produced by orSi:ing electrons or 
Charged particles, when constrained to mcve in pcsi:rons I n  a storage rlng. 

a curved ?a:?, exzerlence B cen:ripetal acceleration and thus errit 
eiectromagnetic raliarior. o=-er a wide solid angle. 
electrons appraaches z?e speed of light, the pattern of radiarion (Lzrmor 
pat:ern) is discorzed by  reiarivistic effects and exhibits a sharp 
directionality wich extreroeiy nigh flux. 
par:icles is msinEaLned conszan: in the storage ring (thy- 
acce1era:ion is achieved) afzer being first accelerated zo  nearly :he speed 
of light. 
flat horizontal plane which contains the particle orbit ir! the storage ring. 
The vertical divergence 
ring plane) is give-i by the relationship, l/7 = 105/E(GeY), in arc seconds, 
where E is the energy of charged pzrticles in unit of gigaelectronvolt. 

P.s <he velocliy of 

Normally the speed of charged 
a centri7etal 

The radiation is then confined to within an exzremely thiz and 

l/y, of the radiation (orthogonal to the scorage 

- 4  



I 

I ihe energy o f  :he continuous r ad ia t ion  spectrum moves i n t o  :he hard x -  
ray energy region as the e l e c t r o n  ( o r  pos i t ron )  energy i n c r e a s e s  i n t o  the  
g igae lec t ronvo l t  range with appl icat ions i n  condensed m a t t e r  p h y s i c s ,  
c rys t a l log raphy ,  m a t e r i a l s  science,  and den ta l  and biomedical  s c i e n c e .  
unique f e a t u r e s  o f  synchrotron r ad ia t ion  a r e  a continuous spectrum, h i g h  
f l u x ,  b r i g h t n e s s ,  i n t e n s i t y ,  and extreme co l l ima t ion  (1 /y )  i n  t he  v e r c l c a :  
d i r e c t i o n .  This wide spectrum permits wave length t u n a b i l i t y  as descr iSed 
l a t e r .  In a d d i t i o n ,  synchrotron r ad ia t ion  has  a pulsed time s t r u c t u r e  
(pu l ses  o f  l e s s  than a nanosecond width with a microsecond i n t e r v a l )  ar.d a 
h igh  degree o f  ?o?aritation in the plane of the s t o r a g e  r i n g .  A t  mosc 
synchrotron f a c i l i t i e s  operated a t  the gigaeleccronvol t  r a n g e ,  :he s p e c : r u  
ranging from 3 keV (wavelength of about LA) t o  60 keV (0.2A) can r e a d i l y  be 
made a v a i l a b l e .  The f lux is of the order  of lo1' photons s-' mrad'l mA" i n  
a 1% energy bandpass. While t he  low degree of v e r t i c a l  divergence of  u s e f u l  
beams is given by t h e  e l e c t r o n  energy, the divergence i n  t h e  o r b i t a l  plane 
i s  determined by a p e r t u r e s  i n  the beam t r a n s p o r t  and i s  t y p i c a l l y  s e v e r a i  t o  
t e n s  of m i l l i r a d i a n s ,  which can be made narrower by a d d i t i o n a l  s l i t  systems. 

The 

A f a c t o r  extremely important f o r  imaging i s  the sou rce  s i z e  o f  
synchrotron radiation i n  the  s torage r i n g .  A small  s i z e ,  b r i g h t  source 
pe rmi t s  t h e  establ ishment  o f  a highly p a r a l l e l  beam f o r  high r e s o l u t i o n  
Imaging. Addi:ional x-ray o p t i c a l  systems can a l s o  reduce t h e  apparenr  
sou rce  s i z e  of t h e  r a d i a t i o n  beam. 
source s i r e  observed (through any a d d i t i o n a l  o p t i c a l  system) from s i n g l e  
p o i n t s  on the sample. It  i s  defined by an angle  subtended t o  a c c e p t  t5e 
r a d i a t i o n  a t  these s i n g l e  points , .  and determines s p a t i a l  r e s o l u t i o n  l o c a l l y .  
Resolut ion i s  an important f a c t o r  f o r  imaging, and is r e l a t e d  t o  che 
apparent  source s i z e ,  n o t  t o  t he  divergence of t he  beam e m i t t e d  from t h e  
sou rce  3 .  

The apparent source s i z e  i s  t h e  a c t u a l  
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Figure 1. NBS Mate r i a l s  Science 
synchrotron beam l i n e  o p t i c s :  
Arrangement o f  f l a t  c r y s z a l  
d i f f r a c t i o n  elements used f o r  
imaging. L1: monochromator f i r s t  
c r y s t a l ,  L2: monochromator second 
c r y s t a l  (op t ions  b and c for 
tmaging),  L3: f i r s t  c r y s t a l  of x- ray  
magn i f i e r ,  and L.4: second c r y s t a l  of 
x - r ay  magnif ier  (See,  re fe rence  5 ) .  
Notice t h a t  t he .  p o s i t i o n  of  the b.am 
e x i t i n g  L2 is f i x e d ,  r ega rd le s s  of 
vhich energy is tuned .  

---.. 

F-gure 2 .  image magni f ica t ion :  
Schematic beam pa th  f o r  two 
dimensional magni f ica t ion .  This  
example shows t h e  image formation 
f o r  t h e  O(forward) - d i f f r a c t e d  beam 
i n  t r ansmiss ion  under t h e  Btagg 
cond i t ion .  

t h a t  t ake  place w i t h i n  m a t e r i a l s  under environmental  c o n d i t i o n s .  Although 
t h e  c u r r e n t  s p a t i a l  r e s o l u t i o n  i n  r e a l  time imaging i s  t e n s  of micrometers,  
e f f o r t s  a r e  underway t o  develop high r e s o l u t i o n  two dimensional d e t e c t o r s  
and t o  apply x - r ay  d i f f r a c t i o n  o p t i c s  i nnova t ive ly  wi th  submicrometer 
resolution i n  r e a l  t ime.  
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monitor t o  demonstrate :he qua l i ty  of the monochromazic beam. 
observing :he beam on :he monitor. one can i n s e r t  s l i t s  t o  c o n t r o l  t he  beam 
s i z e .  
energy to optiffiizc the x-ray op t i ca l  t r a j e c t o r y  for t h i s  beam i n  r e l a t i o n  t o  
t h e  source.  
maximum br igh tness  from t h e  p o i n t  wi thin the socrce t h a t  provides  :he beam 
t r a j e c t o r y  f o r  a given o p t i c a l  arrangement. 

L%ile 

Afte r  the s l i c s  a r e  in se r t ed ,  :he tune command i s  r epea ted  f o r  t h i s  r 
This process i s  impor:an: i n  d i f f r a c t i o n  imaging-to cF.sure 

It i s  importan: a l s o  t o  enabie the s e l e c t i o n  of monochromatic beans o f  
d i f f e r e n t  dimensions and f l u x  dens i ty .  Monochromator c r y s t a l ,  L2, can be 
a d j u s t e d  among chree pos i t i ons  (See Figure 1 ) ;  a )  one f o r  symmrtrical  
d i f f r a c t i o n  (normally s u i t a b l e  f o r  UCAFS), b)  a second f o r  asymmetric 
d i f f r a c t i o n  i n  the magnification mode (providing a l a r g e  s i z e ,  extremeiy 
p a r a l l e l  beam, s u i t a b l e  f o r  d i f f r a c t i o n  imaging-topography), and c )  a :hird 
f o r  asymmetric d i f f r a c t i o n  i n  the demagnification mode (p rov id ing  a 
concen t r a t ed ,  s l i g h t l y  focused beam, s u i t a b l e  f o r  t he  use of an x - ray  
magnif ier  as descr ibed l a t e r ,  and/or for real time obse rva t ion  with enhanced 
f l u x ) .  
command while  watching images, within the  ranges of  t h e  geometry permit ted 
by t h e  L2 c r y s t a l .  

The choice of any of tllese t h r e e  modes can be made any time by 

A s e r i e s  o f  comma.=.cs se:s a sample i n  t h e  d e s i r e d  p o s i t i o n  and 
o r i e n t a t i o n ,  and an imaging Cetector or analyzing x - r a y  o p t i c a l  system i n  a 
s u i t a b l e  p o s i t i o n .  
accommodate environmental chainbers, such as a c r y o s t a t ,  f u r n a c e ,  t e n s i l e  
s t a g e ,  o r  magnets. Radiographic ( t r ansmiss ion )  images and d i f f r a c t i o n  
images i n  t ransmission o r  r e f l e c t i o n  a r e  observed on t h e  video monitor .  

The sample stage con ta ins  space s u f f i c i e n t  t o  

An o p t i o n a l  x-ray image magnifier produces an u n d i s t o r t e d  image, 
magnified up t o  150 f o i d  be fo re  d e t e c t i o n  by e i t k e r  f i l m  o r  an image 
d e t e c t o r  6,7. 
nJo dimensional fmage de tec txx ,  one can reach t h e  submicron range of 
r e s o l u t i o n  in real  time. 
a r e  p l aced  or thogonal ly  t o  produce two dimensional magn i f i ca t ion  by two 
success ive  s t a g e s  of a s m e t r i c  Bragg d i f f r a c t i o n .  
E o n a t i o n  of a two  dimensionally magnified image of a O-diffracced (forward 
GLffract ion)  beam i n  transrcission. 
zooir l e n s ,  s i n c e  a given p a i r  of ~ J O  asymmezrically cu: c r y s z a l s ,  such as L3 
and 
o f  the i n c i d e n t  be= Is changed by :'ne monochromatar system. 

Even with :he cu r ren t  l i m i t a t i o n  i n  the s p a t i a l  r e s o l u r i o n  of  

As shown i n  Figure 1, magnifier crystals L3 and U 

Figure 2 i l l u s t r a i e s  :he 

This x-ray magnif ier  can be used as a 

provides  con-inuously chc~.:ging ma,nlficazion f;ctors a s  the  energy 



The x-ray o p t i c a l  system descr ibed above i s  v e r s a t i l e ,  i n  t h a t  t h i s  
system can be used i n  the manner of a conventional d i f f r ac to rne te r  ( 8 - 2 8  
scan)  as well as i n  the manner t o  scan the q(momcr.xur)-space -in d i f f u s e  
s c a t t e r i n g  a n a l y s i s .  In  a d d i t i o n ,  t h e  high flu, extreme brightness, and 
high degree o f  p a r a l l e l i s m  of the synchrotron x - ray  beam t h a t  i s  prepared 
t h e  x - r a y  0p:iCal system descr ibed provide a unique opportunity t o  t a c k l e  
cha l l eng ing  ma te r i a l s  science problems by techniques h i t h e r t o  considered 
i m p r a c t i c a l .  I n  p a r t i c u l a r ,  mic ros t ruc tu ra l  e f f e c t s  can be observed and 
measured in &g on a r e a l  time b a s i s ,  even under s imulated environmental 
c o n d i t i o n s .  
w i l l  be  described i n  t h e  following s e c t i o n s  f o r  white r a d i a t i o n  a s  we l l  as 
f o r  monochromatic r a d i a t i o n .  

Some e x m p i e s  o f  these a p p l i c a t i o n s  t o  m i c r o s t r u c t u r a l  imaglxg 

Damules of  White Radiat ion TmaFinv 

When a white beam o f  x-rays i s  i n c i d e n t  on a sample, tf e d i r e c t  beam 
c o n t a i n s  the microradiographic image of t h e  c rys ta l  sample,  while  d i f f r a c t e d  
beams form a Laue p a t t e r n .  
same s i z e  as t h e  beam on the sample. 
f i n e  s t r u c t u r e  r e l a t e d  t o  the mic ros t ruc tu re  i n  t h e  sample. These 
microradio-graphic  and d i f f r a c t e d  images a r e  recorded on a n  imaging detec:or 
s e r v i n g  as a video monitor and, if t h e  images a r e  of  p a r t i c u l a r  i n t e r e s t ,  
t hey  can be  recorded on high r e s o l u t i o n  film. 
of Laue d i f f r a c t i o n  imaging l i e s  i n  the  fac t  t h a t  g r a i n s  of  arbi t rary 
o r i e n t a t i o n  are imaged as t he  sample s e l e c t s  an a p p r o p r i a t e  wavelength :hat 
sa t i s f ies  the Bragg cond i t ion  l o c a l l y .  
been performed on t h e  recrys:al l izat ion,  and subsequent coa r sen ing  3f g r a i n s  
of s i l i c o n  iron, aluminum and several a l l o y s  13-20. 

Each s p o t  of t he  'hue p a c t e r n  is  of  roughly t h  
Within each s p o t  can be observed a 

The experimental  s i m p l i c i t y  

S tud ie s  wi th  wh i t e  r a d i a t i o n  have 

The example shown i n  Figure 3 is a r e su l t  of such a study i n  the r ea l  
time recording of t h e  r e c q s i a l l i z a t i o n  p rocess  o f  a defonn?d aluminun 
sample. This f i F r e  shows approximately half of t h e  t r a n s m i s s i o n  Laue 
p a t t e r n  photographed from the video monitor a t  v a r i o u s  t-be.; and 
semperatures aurLr;,g h e a t l n g .  
and subsequent slov heacing t c  325'C, :he samp;e y i e l d s  CiSfuse s t r e a k e d  
L u e  spo'ts indicating a ceformed ssaze and no sigzs c f  freshly f o x e d  
g r a i n s .  I n  cne sequence following t h i s  ?hotogra?h, t h e  trucleatior! and 
growrh of  s t r a i c - f r e e  g r a i n s  I s  q u l t e  e v i d e n t .  R e  p rocess  o f  primary 
r e c r y s t a l l i t a c i o n  is e s s e n z i a l l y  f i n i s h e d  a f t e r  approxinztely 30 minures,  
=hen zne cocrsenizg ?recess zakes p l a c e  t ' ne rez3 te r .  
i n  area of  individual  g t ~ i z  inages 2s a 5 m c t i o 2  of  zime vas made 5y 
coc?u:sr a n d y s i s  o f  :'ne video ~151.~1. -- -..= - r e s u l t  vas co-,?arec c i t h  a 
curreT?t i 'neor j  of G s = z l l  r l?e?-k.g 1 6 .  

Fifceer! minutes a f t e r  r a p i d  h c a t i n g  t o  33C"C 

3-2 r z a l y s i s  o f  ctizzges 
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Figure 3. Recrystallization of a 
deformed aluminimum disk: Photo- 
graphs of the video monitor shoving 
half of the h u e  pattern from 
recrystallizing A1 for the times and 
temperatures indicated. (Reference 
16) . - . -_ . - -  

- - -  .-- -- . . . _  

Figure 5. Solidification of Sn 
observed in a white radiation Laue 
spot: A video sequence of topographs 
during the liquid-solid transition of 
tin undercooled at 230' C. After one 
second, the sample recalesces, and 
the entire sample solidifies to 
become a twin as the liquid-solid 
interfaces move in from two ' 

directions. (Reference 10) 

Figure 4. Selected area diffraction 
obtained from specified grains 
viewed on the video monitor: (a) 
White radiation microradiograph with 
various grains numbered, (b, c, d) 
Transmission h u e  diffraction . 

patterns of the numbered grains. 
(Reference 17) -.-- - - _ _  

Figure 6. Comparison of white 
radiation images with a 
monochromatic diffraction image: a) 
Monochromatic surface (004) 
reflection, b) (062) 'hue spot 
image, c) (220) Laue image, d) (040) 
h u e  image. 



- 
is useful  
liquid film migration at grain boundaries 2 1 .  

in the understanding cf various microstructural phenomenon such irs - 0  

In the real time observation of Laue spots during the freezing and 
melting of a tin crystal (Figure 5 ) ,  the motion and shape of the liquid- 
solid interface and the surface tension at the interface can be measured, 
along vith the observation of recalescence 10. m e  h u e  technique can be 
used also for non-single crystalline materials, such as rapidly cooled 
alloys consisting of particles 100 pm in diameter or less. 
not only shows the degree of uniformity in the materials, but also gives 
informetion on nucleation in individual particles f o r  the improvement o f  
processing 22 .  Similarly, the application of this technique to superalloy 
turbine blades has assisted prediction of the life-time in fatigue 2 2 .  

This 0bsen'a:~cn 

As described above, white radiation diffraction imaging (topography) is 
,simple and useful for the simultaneous observation of h u e  spots from 
materials containing different grains and variously oriented diffracting 
planes. 
active slip systems demonstrates the unique role of this imaging technique. 
The ease in implementation of this technique is an important factor in its 
popularity. However, the analysis of these images is very complex because 
of the range of wavelengths even within a single h u e  spot. This range 
reduces sensitivity to crystalline strain and spatial resolution from those 
attained with monochromatic imaging. Since image contrast, that is the 
intensicy distribution in the image, is an important factor in analysis, 
white radiation images are not suitable for advanced quantitative analysis. 
Because of these sources of image degradation white radiation topography 
alone does not support the detailed determination of microstructure an& 
defects in materials. 

The determination of dislocation Burgers vectors in the study of 
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Figure 7 .  Monochromatic beam 
quality: This asymmetric (111) 
transmission image fzom a single 
crystal of copper 0.8 mm thick shows Figure 8 .  Comparison of video 
individual dislocations. (Reference images with the images on high 
2 5 )  resolution film. 
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Figure  9 .  Rocking c u m e  equ iva len t  
o f  v ideo  images from a bismuth 
s i l i c a t e  c r y s t a l :  These Bragg 
geometry zopographs a r e  excerp ts  from 
:he video tape of  t he  006 
Cr=frac=ioz, taker! while t h e  c r y s z a l  
:ES rocked over :'ne e n r i r e  a n p i a r  
ze5io.n ( accepzznce  zzgle--rDcicl?.g -__ .E, o= c:rzrzczLc~.. {Xeference 

. -  

-..-- - - .  - -  
L f  
n r ,  

Figure 10. Facer-growrh r eg ion  o f  
In-doped CaAs: Enlarged porc ion  o f  
t ransmiss ion  topograph ( O i O  
d i f f r a c t i o n )  of  a 0 . 8  mm t h i c k  
indium doped ga l l ium a r s e n i d e  
c r y s t a l  v i zh  10 keV monochromatic 
r a d i a t i o n .  
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transmission ropograpn cf a faceted growzh region of an indium doped gaLl iL7 
arsenide is shorn in Figure 10. 
boule, the reconstruction of the crystal grovth from \*arious s e t s  of 
diffraction images was completed successfully, aided by the tunability cf 
synchrotron radiation 2 6 .  
Ei L-111 absorption edge, transmission topographs were obtair.ed from sa;r?lr 
slices 0.7 mm thick, as shown in Figure 11. 
identified as successive epitaxial deposition layers of atoms making the L5' 
angle to the pulling direction of the boule, and =he deveiopment of five 
different segments whose mutual misorientations were within one arc second 
was elucidated-. 

In the study of a bismuth silicon oxide 

By tuning the zhoton energy to slightly beicr :!,e 

The growth scrlaeions were 

For multilayered materials, the high flux of monochromatic radiation 
plays a unique role. This radiation can impinge on the sample at an extreme 
glancing angle, and permit the grazing-angle diffraction or total reflection 
with respect to substrate CryStZlS for the study of the surface or 
interfacial regions o f  the film on the substrate. A simplest example is 
shown in Figure 1 2 ,  where asymmetrical diffraction, normally unavailable 
with :he ordinary x-rays, can be excited to detect the interfacial siralns 
between a CdTe film and an In-Sb sujstrate. The nonuniformity of :his f i h  
is easily noticeable in asymmetric diffraction. 

For quantitative measurements of strain fields around imperfections and 
near interfaces, a series of topographs is required both as a function of 
incident glancing angle and of observation (detecting crystal) angle 8 ,  31, 
32, 3 3 .  This technique is called "angle-resolved imperfection scattering" 
or "in and out states analysis", where the scattering from imperfections car 
be separated from the dynamical scattering from the matrix material. 
images are stored on video tape f o r  subsequent quanticative analysis. 
Experiments were performed with a copper crystal with h o o p  indentations for 
analysis of strains associated with indentation ispressions 11, 3 6 ,  3 5  and 
vith an indium doped gallium arsenide for the formacion of growc'n facet 
striations associated vith variations in indium concentrations. U:='noi;t 
syxhrotron radiazlon, it is impossible to obzair: such a series of e v o -  
diaensional caza wichin a feasible time frame. This approacn, in 2 ger.erzL 

Impezfcctions Loczlly and quan:icatively in zersrs cZ i c r r x t z . ~ r e  izc::~' 
concz5hg Local atomic dlsplacemencs. 

These 

- .  . .  line-broadenhg contex:, o?ens up a new zvexe 0: cnzra~tez1~: ng 



b 



I '  . ... 

i Monochromatic diffraction imasing is cer:oinly an impOrUnt nev area in 
materials science and engineering, one enabling reel time observations and 
measurements in a more comprehensive way than pre\riously pract-iced. 
principal need now is isprovement in the sph'ial  rrso1u:ion of real time 
Observations. 
10 pm) of imaging detectors, :he x-ray magnificaclon technique has been 
developed, as described in a previous section 6, 7 .  
technique is effectively being applied to microradiography for dental 
research, 5 ,  4 1 ,  4 2 ,  where convencional contact microradiography has been of 
limited use and impossible for real time in & observations. Vhen applied 
to diffraction imaging, x-ray image magnifica:Lon (up to 200X)  before 
detection makes it possible to observe dynamic events within materials under 
simulated environmental conditions with submicron spatial resolution and 
high sensitivity. 
no longer a dream not only for microradiography but for diffraction imaging. 
Biomedical application:., such as angiography, are natural extensions. 

A 

To circumvent the present limit of spacial resoluEion (about 

Currently, this 

Three-dimensional tomosynthetic image reconstruction is 

The use of diffraction imaging provides new knowledge on 
microstructural details and kinetic behavior quanticacively as well as 
visually on a real time basis. 
examples of the potential of diffraction imaging. Similar applications to 
other problems in materials science can be made with little modification. 
Clearly the use of synchrotron radiation will lead to an understanding of 
many problems in materials science at the atomic l e v e l .  

The areas discussed above represent only 

- Most of the research reported here was performed at the U.S. 
synchrotron radiation facllitiss, CHESS and NSLS, which are supported by the 
U. S. National Science Foundation, Grant No. D M 2  8L-12665  and the U. S. 
Department of Energy, Office of Basic Energy Sciences, respectively. 
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